Abstract-The biosorbent α-keratin-alginate (KA) was prepared by using the encapsulation technique in CaCl 2 2 % (w/v) solution. The biosorbent was characterized by Fourier Transform Infrared (FTIR) and Scanning Electron Microscope (SEM). The extent of adsorption was found to be a function of the composition of α-keratin and alginate, the pH of solution and contact time. The optimum adsorption of Fe ions in aqueous solution was found at the composition of α-keratin and alginate of 1:2 (w/w), the pH at 7.0 and contact time at 60 minutes. The adsorption of Fe ions on KA biosorbent was comparatively higher than α-keratin and alginate only. The adsorption capacity of KA biosorbent has the maximum adsorption capacity of 658.4 mg/g while biosorbent α-keratin and alginate are 464.7 mg/g and 528.1 mg/g, respectively. Adsorption of Fe ions in aqueous solution followed the Freundlich adsorption isotherm, and the dynamic adsorption model could be described through a pseudo-second order kinetics.
I. INTRODUCTION
The growth of industrial such as mining, petroleum, and electroplating can produce containing heavy metals which are toxic to the environment [1] . The presence of heavy metals such as Fe ions in water can potentially to effects on the environment and human life. World Health Organization (WHO) in 1996 had recommended maximum level (MCL) of Fe in water as 0.3 mg/litre. Fe levels in water vary depending on several factors and it can be dissolved in the water or so heavy that it forms a precipitate or microscopic solid pieces suspended in water. At higher levels, the Fe ions can build up in animals internal organ, eventually killing them and sometimes can increase acidity of water so it can kill or hurt the aquatic of life. In addition, the higher level of Fe ions can effect to health, which can lead to liver, heart and pancreatic damage [2] . Interestingly, the removal of Fe ions from water is an urgent requirement for providing a good health. Many common methodologies such as adsorption, precipitation, membrane filtration and ion exchange have been widely employed for Fe ions uptake from wastewater. efficient, economical, simple and used for numerous years [3] .
The currently research on adsorbents is using a lot of materials based on organic materials with the principle of waste for waste such as α-keratin. The α-keratin sources are as numerous as in chicken feathers and human hair, even the main chemical content of the hair is 88-96 % α-keratin protein [4] . This shows that α-keratin has the potential to be further developed. α-keratin is capable of acting as an adsorbent because it has a binding amino and hydroxyl functional group which causes the cation polyelectrolyte properties to act as ion exchangers and potentially developed as adsorbents such as for removal of Fe ions [5] .
The material that can be developed as a composite is alginate. This is given that the source of alginate in Indonesia so much and it is currently getting the limelight related to the potential of alginate as an adsorbent material. Alginate can protect α-keratin from environmental damage and impact so that the physical endurance of the adsorbent material can be increased. Alginate with α-keratin will have cross-reactions in the group which results in the formation of amide bonds between carboxylates and amines so that their physical strength becomes better [6] . In the current study, biosorbent was synthesized and used to develop new series of calcium alginate encapsulated α-keratin to increase the adsorption capacity and physical properties. The developed materials biosorbent were investigated as potential biosorbent for efficient removal of Fe ions from water.
II. MATERIALS AND METHODS

A. Materials
The biosorbent used is composed of α-keratin encapsulated by calcium alginate. Sodium alginate, calcium chloride anhydrous > 93 % , ferric chloride 97 %, nitric acid 70 % , sodium hydroxide were supplied by Sigma-Aldrich (Singapore). The hair as a source of α-keratin from Surakarta, Indonesia was used. All chemicals were analytical graded.
B. Preparation of α-Keratin Powder, Biosorbent KA and Characterization
The hair was washed with detergent in several times and dried in the sun to dry. Then, the hair was milled to fine at 180 mesh. The obtained hair powder was washed with acetone for 30 minutes and filtered through whatman filter paper. Then the residue was dried with an oven at 40 º C for 30 minutes. Cleaned hair powder and technical alginate were weighed with the variations of α-keratin:alginate weight composition are 1:1, 1:2, 1:3, 2:1, and 3:1. Then a mixture of hair and alginate with some composition, dissolved with aquadest of 50 mL. The obtained α-keratin-alginate solution, encapsulated with CaCl 2 2 % (w/v) solution immersed in ice cubes. The result of the encapsulation of α-keratin-alginate (KA) composite was filtered and dried at 60 º C for 8 hours. Then, the optimal composition was carried out by adsorption test on Fe ions in aqueous solution at the optimum condition of pH (7.0) and contact time (60 minutes). The biosorbent was characterized using FTIR spectra and SEM micrograph. FTIR spectra of biosorbent were recorded in a Perkin-Elmer-238B FTIR spectrophotometer over the wave range 4000-400 cm -1 . SEM photographs were taken with JSM 6700F Scanning Microscope to examine the morphology of biosorbent.
C. Equilibrium Adsorption and Kinetics Study Adsorption Isotherm
Fe ions solution with various designated concentrations and optimum pH (7.0) was prepared. The biosorbent KA (100 mg) was added into the Fe ions solutions. During the experiments, the mixtures were shaken on a shaker with stirred speed of 200 rpm for 60 minutes. The metal concentrations of final solutions (after 60 minutes stirring) were analyzed by Atomic Absorption Spectrophotometry (AAS). All experiment was carried out at 298 K.
Adsorption kinetics, the biosorbent KA (100 mg) was added into the Fe ions solutions while being stirred with a speed of 200 rpm and optimum pH (7.0) at 298 K. The sample solutions were taken at various of time intervals and the concentrations of the metal ions were measured by AAS. The common mathematical model used to describe adsorption kinetics absorption kinetics included the Lagergen's pseudo-first-order and pseudo-second-order.
III. RESULTS AND DISCUSSIONS
A. Shynthesis and Characterization
The synthesis of KA biosorbent was carried out by encapsulation method. Encapsulation method is carried out in CaCl 2 solution which serves as a crosslinking agent to form a α-keratin-alginate composite. The principle of encapsulation is the exchange of Na + ions from Na-alginate with Ca 2+ from CaCl 2 when dropped into 2% CaCl 2 solution, forming a Ca-alginate gel. The illustration of synthesis biosorbent is shown in Fig. 1 .
The FTIR spectra of KA, alginate, and α are shown in Fig.  2(a) . The specific spectrum of α-keratin-alginate (KA) biosorbent shows absorption bands at 3423 cm -1 (OH stretching), 1639 cm -1 (COO -symmetric stretching). In addition, there is a characteristic absorption of peptide bonds (-CONH-) with three absorption areas which is Amide I, Amide II, and Amide III. The absorption area of Amide I shows the absorption of C=O stretching vibrations at wave numbers 1600 and 1622 cm -1 , Amide area II shows the absorption of C-N stretching and N-H bending vibrations at wave numbers 1450 and 1420 cm -1 . Meanwhile, the amide III region indicates the absorption of N-H bending, C-N stretching on O=C-N bonds with wave numbers 1367and 1300 cm -1 . In keratin and α-keratin-alginate composites, there is also a disulfide group absorption (S-S) in the wave number 1074 and 1038 cm -1 . The specific of absorption wavenumber proves that the α-keratin-alginate composite has been formed. The SEM morphology of KA (Fig. 2(b) ) shows that alginate is attached to the α-keratin surface. This proves that α-keratin has been protected by an alginate matrix so that α-keratin has a stronger physical resistance to environmental damage and impact on the adsorption process of Fe ions. 
A. Influemce of Composition Biosorbent, pH and Contact Time
The composition between α-keratin and alginate needs to be studied because it will affect the density of the resulting composite. The results of composition testing are shown in Table I . The composition of α-keratin and alginate (1:2) was found optimum results.
In addition, the comparison of composition biosorbent, the other parameters influencing the adsorption capacity are the pH of solution and contact time. The result of the influence of pH and contact time to adsorption Fe ions are shown in Fig. 3 . The influence of pH was not studied beyond 9.0 due to the formation of a precipitate. The optimum pH for KA biosorbent was found to be 7.0 with the maximum contact time at 60 minutes for Fe ions adsorption. The effect of pH on adsorption capacity may be discussed on the basis of the nature of the chemical interactions of Fe ions with the biosorbent. The carboxylic (-COOH) from alginate and amino (-NH 2 ) groups present from α-keratin on the biosorbent are responsible for the binding of Fe ions [7] . At lower pH, the carboxylic groups retain their protons and amino groups get protonated, thereby, reducing the probability of binding to any positively charged ions. In addition, at lower pH, this is mostly due to the competition of H + ion adsorption with metal ions so it caused the adsoprtion capacity at low pH is relatively small [8] . While, at the pH more than 8 case the precipitation of iron hydroxide, Fe(OH) 3 (s) [9] , [10] . In this study, at the pH < 7, the hydrolysis does not occur. Some of the literatur said that the hydrolysis of ferric ions is aqueous solutions is a complicated time and concentration-dependent system [10] .
The batch studied show that the KA biosorbent has the biggest adsorption capacity of 658.4 mg/g while biosorbent α-keratin and alginate are 464.7 mg/g and 528.1 mg/g, respectively. This occurs because in KA biosorbent the presence of -COO -and -NH 2 groups can increase the absorption of larger amounts of Fe ions. 
B. Adsorption Isotherms and Adsorption Kinetics
For the adsorption isotherms study, the Freundlich and Langmuir isotherms were used to fit the experimental data. The results from adsorption isotherms study are given in The reaction kinetics model which studied in this research is the pseudo-first order and pseudo-second order kinetics model. The model of adsorption kinetics is given in Table III . From the calculation results show that the adsorption of Fe ions follows the pseudo-second order. The second order kinetic model assumes that the rate-limiting step may be chemical adsorption [11] , [12] . 
IV. CONCLUSIONS
In this study, α-keratin-alginate (KA) was developed as biosorbent and characterized using FTIR spectra and SEM micrograph. Adsorption of Fe ions on KA was investigated using batch systems. The data demonstrated that the biomaterials are effective adsorbents for the removal of Fe ions from aqueous solution. The adsorption of Fe ions depended on the composition of α-keratin and alginate, pH of the metal solution and contact time of adsorption process. The equilibrium adsorption data were correlated well by Freundlich isotherm equations the adsorption kinetics followed pseudo-second order kinetics model. So, the biomaterial has potential to be developed as a biosorbent material of Fe ions adsorption.
